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The oxygen concentration may be maintained by establishing a continuous gas flow 
for example airflow, relative to the peas, the gas flow may be established by using 
pumps, fans or the like.to blow gas through the fresh pea. product. It has been found 
that a gas flow. rate of between 1000IW and 14000IW flowing through each 
square metre of the load in a plane generally perpendicular to the air flow for 
example flowing upwardly through each square metre of the base of the container 
supporting the load, can maintain the oxygen and carbon dioxide concentration at 
appropriate levels. • Preferably, the flow rate is between 1280Lmi n - 1 m- 2 and 
12800Lmin- 1 m- 2 . More preferably, the flow rate is between 1280Lmin- 1 nr 2 and 
6000Lmin- 1 m" 2 . 

Alternatively, the peas may be moved relative to the gas, for example by a tumbling 
action, in one embodiment, the movement of the container, for example by 
movement of the lorry, causes air to be distributed or circulated around the peas 
Th.s has the advantage that no separate pump or fan is required 

According to one embodiment, the container can be provided with a conduit having 
an ,nlet in communication with the outside atmosphere and an outlet in 
communication with the interior of the container. When the container is mounted on 
a veh.de, the inlet preferably faces the forward direction of travel of the vehicle thus 
caus ln g air to flow from outside the container to the interior of the container when the 
vehicle is moving. 

This embodiment of the invention is particularly advantageous since no moving parts 
are required, it being the movement of the container caused by the movement of the 
vehicle that maintains the oxygen concentration. Particularly good results may be 
acn.eved if the outlet of the conduit is positioned near the bottom of the container so 
as to cause air to flow in an upward direction through the pea load. This ensures ihat 
entire the load is aerated. 

It has been found that a cross sectional area (C) of between approximately 0 072m 2 
and 0.13m 2 for the inlet of the conduit can sufficiently aerate the pea load. A conduit 
having a cross sectional area between, these values takes in enough air, for. vehicle 
speeds between 4.7ms" 1 (10mph) and 26.3ms'-. 1 (56mph), to provide a flow rate of 

■ i * t 
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between 1 280Lmin' 1 nT 2 and lasOOLmin^nT 2 . In has been found that only about 50% 
of the air flowing over the vehicle towards the conduit actually enters the conduit. 
This has been taken into Consideration. .when calculating, the. above figures. A more 
general relationship has been derived for the relationship between the area of the 
tank-floor (F) and the duct-inlet cross sectional area (C). To meet minimum air-flow 
requirement, the cross sectional area must satisfy C min = 0.00454 x F, for maximum 
air-flow the relationship is C max =0.0081 1 x F. 

The container may comprise a main part to receive the peas and a cavity to receive 
the outlet of the conduit. A partition may separate the cavity and the main part and 
may allow gases such as oxygen and air to flow from the cavity into the main part. In 
this way, an even distribution of airflow or oxygen flow through the product can be 
obtained. The cavity may be formed on one side of the container, but preferably it is 
formed at the bottom of the container. 

The partition may be formed from a food grade, plastic material, which, 
advantageously, is hard wearing. It is beneficial if the partition can be easily cleaned. 
The partition may be porous, and preferably is formed with pores in the form of holes 
which are distributed over the partition to allow an even airflow across the surface of 
the material without creating back pressures thereby allowing free airflow through the 
partition. The partition may comprise a perforated sheet of metal or plastics material. 
Alternatively, the partition may be formed from another hydrophobic material. This 
can also reduce the likelihood of liquid clogging the holes. 

A preferred material is WON®,- a porous plastic material produced by Porvair. 
WON® can have various thicknesses and pore sizes. For example, the thickness 
can be from 7.5x1 O^m to 100x1 Cm. The pores may have diameters between 
2x10" m and 300x1 O^m. Preferably, the pores have an average diameter of 
98x1 O^m. WON® can be formed from .different materials, such as high density 
polyethylene, ultra high molecular weight polyethylene or polypropylene. 

The container may have an opening, for example in an upper surface, which can be 
provided With a removable cover. The cover must allow, the flow, of gas between the 
container arid the outside atmosphere. In this way, the build up of pressure within 
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a T ed 1116 oover may be porous ° r - -p— 

slightly from the conta.ner. Alternatively, the conteiner may be formed with one or 
-WW-Openinas. which are not under the.cover. 

5 I" rr emb0dim9nl * S COntalner « be agitated, or can be pravided with a 
5 par, tha may be agitated, to generate an almow reiaflve to the peas For exampie 

■noNned axts so as to oause the peas to tumbie. The container may have hbs !r 

ZZTT OT in,eri0r WHCh " ^ " - -tame rotates ;i 

me same way as a cement mixer. This method of aerating the peas has the 
advantage that the ieve, of oxygen in ambient air is maintained around Z J, 7 

The container may be in fluid communication with the outside atmosphere for 
example by way o, a conduit or an opening in me container. Opt,ona,ly7 he olilo 

« ~r r r : r vabie ^ ^ - — . 

C mall ^ " - <* ~ - -V of ■ 

t 

iiiutir-rrr n or a,r to be throu9h ° u < - - « ^ 

the art mav be hT hUmWifyin9 a " d * k "° wn to *~ =«ed in ■ 

■0 21 , H " eXamP ' e ^ PaSS ' n9 *» 9as »™9 h "ater of by way o, an 

■0 aerosol dev.ce. This prevents the How o, oxygen or air having a drying eL on the 
Peas, wh,ch can reduce the flavour, texture and guality in genera, ofl pts 

pea load T h,s ,s particular* advantageous where air flows from oulde the 
as dust and insects need to be removed. 

The concentration by volume of oxygen in the air throughout the pea load is 
manned a , or above 15%. „ ls (Urtner pref6TOd ^ ^ ^ 

preferred that the concentration by volume of oxygen throughout me pea load is 
-ntatned a, or above ambian, level, i.e ; approbate, > vl™ W 
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levels can readily be achieved using ambient air, although oxygenated air may be 
employed. 

The 6oTicehtra¥on"6y~vo(u dioxide throughout the peaToa'd is maintained 

at or below 1 % by volume. It is further preferred that the concentration by volume of 
carbon dioxide throughout the pea load is maintained at or below 0.25%. It is 
particularly preferred that the concentration by volume of carbon dioxide throughout 
the pea load is maintained at or below ambient level, i.e. approximately 0.03%. The 
defined levels of carbon dioxide can readily be achieved by aeration. 

Embodiments of the present invention will now be described by way of a number of 
examples, with reference to the following Figures, in which 

Figure 1a is a graph showing the oxygen level surrounding the peas in a pea load 
transported using the known method; 

Figure 1b is a graph showing the carbon dioxide level surrounding the peas in a pea 
load transported using the known method; 

Figure 2 is a schematic diagram of a container suitable for use in the present 
invention; 

Figure 3a is a graph showing the oxygen level in the container of Figure 2 compared 
with the oxygen level in a similar container which is not aerated; 

Figure 3b is a graph showing the carbon dioxide level in the container of Figure 2 
compared with the carbon dioxide level in a similar container which is not aerated; 

Figure 4 is a schematic diagram of another container for use in the present invention, 
which is mounted on a vehicle; " 

t 

Figure 5a is a graph showing the final oxygen level in various pea loads; 

Figure 5b is a graph showing the final carbon dioxide level in various pea loads; ' 

Figure 6 is a schematic diagram, of another container for.use in the present invention. 
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Figure 7 is a graph showing ethanol content after processing 

As a first, comparative axample, the oxygen and carbon dioxide levels of two 
commercial pea loads were monitored from the fieldta the 'faotay. Peas oTthe 
Waverex variety were harvested and then introduced into a known pea transporter 
Approx,ma.e,y 2 500kg of peas were piaced in the transporter. A gas sampiing tance! 
wh ch ,s descbed in more detail beiow, was inserted and posifioned near tha bottom 
o the load at a depth o, 60cm. A 50ml gas sample was then taken and a timer was 
started. Tha pea load was then transported to a factory and further 50ml gas 
samp.es were token at various fimea during the Journey, the final one being a, the 

zrZ ,1? s r plss were *" analysed usinfl a Gaspace 2 *»*■«■ o***. 

ZR869, available from Systech Instruments, Thame. England) to determine tha 
oxygen and carbon dioxide levels. . 

Another known pea container was filled with peas of the Barla variety. The peas ' 
were transported and gas samples were taken in the same way as described above * 
However, .in this case, two gas sampling lances were used, one at a depth of 90cm .. 
and one at a depth of 5cm. The Barle load was deeper than the Waverax load. 

The gas sampling lance was used to take samples of gas fram within the pea load for " 
later analysis. Tha lance comprised a rigid plastic tube, 180cm In length and 35.7mm 
■n diameter, and had a cone-shaped plug attached to the distal end. A tube, 300cm 
.n length and 1.57mm in internal diameter was fed through the outer tube to the cone 
Plug. A 560cm extension portion terminating in tha cab of the vehicle, having a 
swrtcher, a pump and a 50ml sampling syringe associated therewith, was added to 
anable gas samples to be taken from me container during transit. The gas samples 

zz:z:::r n and ra *° n dioxide — - - *»»* — - 

The results of the above two experiments are shown In Figures 1a and 1b. Figure 1a 
shows the variation in oxygen level with journey time and Figure 1b shows the 
vanaton In carbon dioxide w„h journey time. ,„ each Figure, concentrate of ' 
oxygen or carbon dioxide respectively is plotted on the y-axia, and time in minutes is . 
plotted along the x-axis. 
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Data series A represents measurements of oxygen and carbon dioxide concentration 
respectively at the depth of approximately 60cm,.for the pea variety "Waverex"; 

Data series B represents mea'surements ofoxygen and carbon" dbxlde cbncentralfon 
respectively at the depth of approximately 90cm, for the pea variety "Barle"; 

Data series C represents measurements of oxygen and carbon dioxide concentration 
respectively at the depth of approximately 5cm, for the pea variety "Barle". 

It can be seen from Figure 1a that the initial oxygen concentration for all three data 
series was generally equal to that in ambient air. However, the concentration near 
the bottom of the load decreases rapidly with time for both the Waverex and Barle 
pea varieties. After 60 minutes, the oxygen concentration was 85% less than the 
initial concentration. It can be seen that the results for the two varieties are very 
similar. 

The concentration near the top of the Barle load also decreased with time. After 60 
minutes, the oxygen concentration had dropped by 32%. It appears that aeration 
naturally occurs to a small extent in the top level of the load. 

It can be seen from Figure 1 b that the concentration of carbon dioxide was found to 
increase significantly with time. Near the bottom of the pea load, the carbon dioxide 
concentration after 60 minutes was 1 1 0 times the initial concentration. 

A second example employed the apparatus shown in Figure 2. This apparatus is 
suitable for use in the present invention on a small, experimental scale. .The 
container 1 is an upright tube capable of containing peas to a similar depth as a 
normal load. A plastic container having a height of 100cm and an internal diameter 
of 100mm was used. The container has a cavity 6 at its bottom, and a partition 7 
separating the cavity 6 and a main part 2 of the container and upon which the peas 
are loaded. The partition 7 is formed from a grid, mesh or porous material so as to 
allow the flow of gas from the cavity 6 to the main part 2 of the container. A preferred 
material is WON®, a porous plastic material produced by Porvair. in this apparatus, 

WON® HP was used, having a thickness of 2.5 ± 0.25 mm and an average pore size 
of 98x1 O^m. 
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The confer 1 has an opening 8 adjacent or near the parUton 7 for a syringe or 

ToTT ,0 66 hSerted - ™ S enaWeS SamPteS ° f «- to te — ^ "ear 
^ arfippn 7, ena ling .,he detonation of the ieye^oxygen, oarhon diorfde or 

other component of*, gas. A 50m, syringe was used to take gas san^'and""^ 
samples were analysed using a Gaspaoe 2 analyser. 

allows 111" 1 3 T~ a " b0, " e <TOt ^ haS a " «** in •» «* 6 and 
a owe a, ,o pass from a bodie to the cavity 6. The air passes through the porous 

the Z' oirr ^ ^ ^ ihS ** * ««« -und 

peas, oxygen or oxygenated air could also be used to maintain the oxvoen 
concentration throughout the pea load. m 

A oonw container which had an identical suture, but which was no, connected to ' 
a gas supply was used as a control. ™ D • 

In a firs, part of mis experiment, both containers were filled wi,h ,0kg of freshly : 

15 imme 6 : :, B ' kin ' ^ '° * « ^ "* * «"*•<* gas 2 ; 

15 .mmedafely taken from each . Qne contalner « as 

. ZT.n^^""^ ^--—-nLmeachLtn:^ 

in a second pari o, this expedmen,. both containers were ffiled with 10kg of , re shiy 

20 imZ m r S ° f ** N0Ve " a *° 3 deP ' h * 100on - a " d a * ~ 

20 ,mmed,a,ely taken from each. One container was aerated by an maJZ^Z 

ZZZL wes per m,nuts - A 9as samp,a - - - - - — 

The resute obtained for these experiments are shown in Figures 3a and 3b Oxygen 
res* for the B,k,n, vane* are labelled D and the results for the Novella variety are 
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Column 2 shows the oxygen or carbon dioxide levels respectively in the control gas 
samples-taken at the end of the experiment; 

CoTumn 3"shows the"oxygen dr carbon dioxide feveTs respectively "IrTtfie aerated'gas" " 
samples taken at the end of the experiment. 

It can be seen that, at the end of the experiment, the level of oxygen near the bottom 
of the aerated container is generally the same as the initial level. In comparison, the 
level of oxygen near the bottom of the control container is much lower at the end of 
the experiment. Similarly, the results show that the level of carbon dioxide in the 
container can be greatly reduced by aerating the container. 

A third example illustrates how the present invention can be used on a larger scale. 
The apparatus shown in Figure 4 comprises a container 1 which has a 50cm x 50cm 
square base and a height of 75cm. The container was formed from plastic, although 
other rigid materials such as metal would also be suitable. The container- 1 is 
mounted on a vehicle 1 1 to allow peas to be transported therein from the field to the 
factory. The container 1 has a cavity 6 at its bottom and a partition 7 upon which the 
peas are loaded. The peas are therefore contained in the main part 2 of the 
container 1 . 

The partition 7 is formed from a grid, mesh or porous material so as to allow the flow 
of gas from the cavity 6 to the main part 2. A preferred material is WON®, a porous 
plastic material produced by Porvair. In this apparatus, WON® HP was used, having • 
a thickness of 2.5 + 0.25 mm and an average pore size of 98x1 0~ 6 m. 

The container 1 has a cover 12 that is preferably removable. The cover 12 is 
positioned so as to allow air to escape the container \, thus avoiding a build up of 
pressure, and also to prevent the accumulation of rainwater in the container. 
Accordingly, the cover 12 can be positioned slightly above the container 1, or the top 
of the container 1 can be formed with one or more openings. The cover 12 may be 
made from a rigid material such as plastic or metal, or may be a tarpaulin. 

■ 

A conduit 3 has an inlet 5 facing the forward direction of travel of the vehicle, and an 
outlet 4 inside the cavity 6. The forward movement of the vehicle 1 1 therefore 
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causes air to flow through the conduit <5 i„, 

partita 7 into the pea toad. ^ 6 and " ,hs I"™- 

The- doiiduif s- optionally has a fflfef 14 to niter duSnSBM" - - - 

impurities ft™ ^ air. AddNionaily thecal I ' nSe0tS " **' 

• -ice, such as an aeroso, device, I ^S^TJ" " * 

tubes to be inserted into the oontainer to d™ *" T ™ SamP " n9 

made of plastJo and has a length of 25cm and! , ^ * Preferably 

isngin ot 25cm and an internal diameter of 6mm. 



9- samp,: we to HI H ^ P <~ «» - i' and 

BO. containers were J££l «™ aerated. 

15 fern each container durino L ,„ *V aCt0ry - Fur1hsr 9as samples were taken 

The variation of oxygen and carbon dioxide levels in «,• 

Figures 5a and 5b respectively Th» S><amPle are Shown in 

aiong the y-ax*. and TZ^JT ^ ^ ^ ^ 

ambient temperetore (in de^n-ill, T" m ' nU ' eS) by < he 

v uegrees centigrade) is shown along the x-axis. 



Data series F refers to readings token from a control container according to Figure 4- 
Data series a refers to readings taken from an aeretod container according to Figure 



Data series H refers to readings token from a centre, container adding to Figure 
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Data series J refers to readings taken from an aerated container according to Figure 
2. 

If can be seen from Figures" 5a and 5b "thaC'by'aeratTng^peas contained \n the 
apparatus shown in Figure 2 or Figure 4 a high, approximately ambient level of 
5 oxygen and a reduced level of carbon dioxide can be maintained in the peas. 

It has been found that an increased temperature in the pea load contributes to 
oxygen depletion within the load. Accordingly, passing air or oxygen through the pea 
load may additionally help maintain the quality of the peas by cooling the pea load. 

It is to be understood that the apparatus shown in Figure 4 could be adjusted to have 
10 different dimensions. A structurally similar but larger container could be used to. 
transport commercial loads. 

Figure 6 shows a further embodiment of the present invention, in which the peas are 
aerated by tumbling them in a rotating container 1 . The container rotates about the 
slightly inclined axis, Z, although a generally horizontal axis could also be used. No 
15 mechanism to cause air to flow through the pea load is required, since tumbling the 
peas aerates the load sufficiently. 

According to a fourth example, the apparatus of Figure 2 was used to determine and 
compare the ethanol content of aerated peas with the ethanol content of non-aerated 
peas. Ethanol content is a typical product of anaerobic oxidation (eg in brewing), and 
20 the level will indicate the effectiveness of the aeration treatment in maintaining the 
• condition of the harvested peas. Experiments were conducted in which one 
container of peas was aerated and another, control container, was not. 

In Experiment K, Bikini peas were stored for 120 minutes at a temperature of 21 °C. 

In Experiment L, Novella peas were stored for 120 minutes at a temperature of 
25 28.5°C. 

. In Experiment M, Novella peas were stored for 75 minutes at a temperature of 
. ' 15.8°C. ...... ■ •/ . ;.. ' 
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each exfract " ' 9 ^ " USed '° "~ <"* of ethane, ,„ 

« 

10 The results of this example are shown in Fiaure 7 Pth , 

actually much greater than ih=» ■ . non -^rated: R eas is 

e,ano, iswash : d r d r g ::; in r ted ^ pnor to ^ ° ut ■* - 

■ ^ 

It can be seen from the results that stora™. .. . 

the amount of ethanol produced 77, ««P«*» has an effect on 

20 ethano, than the peas In Te o* I * EXPerimen ' L produced ™» 

a. a higher .empeZrT sLlLT T eXPen ' mentS ' *» ^ S '° red <°' »"» 

— *a -«jnrL^^ h ^~ m - — * 

wanveiy short and the temperature was much lower 

25 • 9-fer than In Ex^men, M " *" EXP " K "** " * *" 

These experiments demonstrate that aeration «#&•*•, 
«™,on and therefore ethano, prlT T T""* 
. have a ooollng effect that lowers the temperature of T 

^»n 9 effect ,ha, a ,so suppress fe rmentTn ^ *" ,0 "T*" ■ 
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Two trained pea tasters tasted peas from each of the three Experiments, to 
determine whether the treatment improved quality of the produce post harvest, in ' 
... respect. oLExperimeht.K, the aerated, peas were .preferred. . la respect of Experiment^ 
L, the aerated peas were preferred and a very clear difference was detected. In 
respect of Experiment M, no overall preference was found. 

It is understandable that there was no overall preference in Experiment M. As 
mentioned above, the conditions in which the peas were stored, namely low 
temperature and for a short period of time, meant that quaiiiy ioss was not as rapid 
compared with conditions of higher temperature or longer storage periods. 

In any of the above embodiments, the air or oxygen used to maintain the oxygen 
levels can be humidified so as to avoid a drying effect 
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CLAIMS 



L^LTT PeaS C ° m ^ the .step, of providing..a_container 

conta.mng a pea load, maintaining the concentration of oxygen at or above J, h 
. volume th h the ^ and ^ -ve . / y 

at or beiow 1 % by volume throughout the container. 

2 iril 00 ^ 9 - ~« t0 — I- — the container is 



mounted on a vehicle. 



lo^uZZ^ ^ aCC ° rdin9 t0 C,almS 1 ° r 2 ' * —ut is 

P hav,ng an ,niet ,n communication with the outside atmosphere and arfibutfe* 

m communication with the interior of the container. ? 

4 A method of containing peas aooordlng to Claims 3 when dependent on Claim 
2. where, the Into, faces tte fonvard direction of travel of the vehicle 
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A method of containing peas according to Claim 3 or Claim 4 wherein the 
oudetofthe conduit is posted near the bottom of the container. 

A method of containing peas according to any of Claims 3 to 5 wherein the 

t:zi:t a rr to receive the peas and a - ~ :: e 

slaZl t H ^ ^ fom,ed ^ ^ b ° tt0m ° f the contain - -nd being 
separated from the main part by a gas permeable partition. 

7 A method of containing peas according to Claims 1 or 2 wherein at least » 
part of the container rotates about an inclined axis. 3 

' establish m6th0d f COntahin9 ^ aCC ° rding t0 any PrevioUs wherein a fan 

establishes a gas flow through the peas. . 

9 A method of containing peas according to any previous claim wherein a oas 
w ra e, owing through each square metre of the pea load in a p,™ e ra v 
perpendtcular to the air flow, is between 100CW and 14000 L m,n- " 
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10 A . method of containing peas according to any previous claim, wherein the 
container has an opening -which is provided with a removable cover and which allows 
the flow of gas. between the container and the outside atmosphere. 

* 

11 A method of containing peas according to any previous claim, wherein the 
concentration of oxygen throughout the pea load is maintained at or above 
atmospheric air levels. 

12 A method of containing peas according to any previous claim, wherein the ■ 
concentration of carbon dioxide throughout the pea load is maintained at or below 
atmospheric air levels. 

13 A container for containing peas provided with means for establishing a gas 
flow through the container to maintain the oxygen concentration at or above 15% by 
volume throughout the container and the carbon dioxide concentration at or below 
1 % by volume throughout the container. 

14 A container for containing peas according to Claim 13, mounted on a vehicle. 

■ 

15 A container for containing peas according to Claims 13 or 14, the container 
comprising a main part, in which in use the peas are received, and a cavity, the main 
part and the cavity being separated by a gas permeable partition, the container being 
provided a conduit having an inlet and an outlet, the outlet being located in the cavity 
and the inlet being located outside the container. 

16 A container for containing peas according to Claim 15 when dependent on 
Claim 14, wherein the inlet of the conduit faces the forward direction of travel of the 
vehicle. 

17 A container according to Claims 13 or 14, containing peas, wherein at least a 
part of the container rotates about a slightly inclined axis. 

* 

.18 A method of processing peas including % the steps of harvesting peas, 
introducing the peas into a container according to any of Claims 13 to 17, 

* ■ 

4 m 

transporting the peas to a processing station, blanching, the peas and freezing the 
peas. 
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